SUMMARY Results for biochemical and haematological variables have been correlated with data on atmospheric temperature in order to identfy possible mechanisms through which low environmental temperature may increase mortality from myocardial infarction and cerebrovascular disease. With the exception of cholesterol, there were no associations in the case of several clinical chemistry variables, or of haemoglobin and related indices. With varying degrees of consistency among the sex and age groups studied, temperature was positively correlated with factor VII, antithrombin III, and cholesterol, and negatively correlated with fibrinolytic activity. The correlations were all low but may offer some clues to mechanisms whereby air temperature influences ischaemic heart and cerebrovascular disease mortality.
In previous publications we reported that there is a negative correlation between atmospheric temperature and the death rates from a number of conditions, in particular, myocardial infarction and cerebrovascular accidents (Bull, 1969; Bull, 1973; Bull and Morton, 1975a, b) . This inverse relationship between temperature and death rates was confined to or found to be greatest in older subjects (Bull, 1973; Bull and Morton, 1975a) .
In these earlier publications we speculated on a possible causal relationship between temperature and cerebrovascular and ischaemic heart disease. If the relationship between environmental temperature and mortality rates from arterial diseases is one of cause and effect, it is presumably mediated by changes in one or more body systems; these changes might be detectable in groups of people (mostly without clinical arterial disease) for whom biochemical, haematological, and other data can be related to environmental temperature. We have therefore studied the associations between the levels of various blood constituents and atmospheric temperature.
Material
There are four sources of data. 
Statistical methods
For the clinical chemistry and haematology data the statistical method used was to compare the difference between the mean readings on two successive days with the temperature difference between these two days using the correlation coefficient to test for an association. Then because of the possibility that a temperature change of longer than one day's duration might be relevant, the days were grouped in pairs, the mean values for the two days being correlated with the change in temperature over the two days. This procedure was repeated for groups of 3, 4 ... up to 10 days (see Bull and Morton, 1975a) .
The calculations were then repeated, allowing for the possibility that there may be a lag of a number of days before the temperature effect is seen, so that each reading was associated not with the temperature on the day the blood was taken but with the temperature on the day before, or 2, 3 ... up to 10 days before ('phase shift' days), and similarly with groups of days.
For the industrial populations, no groupings of days was possible as blood samples were not taken on successive days. Instead, individual readings were correlated with temperature on the day of sampling or on 1, 2, 3 to 9 days previously ('phase shift' days).
For the volunteers, the data were examined for correlations within individuals, these estimates being pooled to give the best overall estimate of withinperson correlation with temperature. This procedure was also carried out for 1, 2, 3 to 9 'phase shift' days. + -negative correlation at P < 0-05 --negative correlation at P < 0-01 + positive correlation at P < 0-05 + + positive correlation at P < 0-01 lytic activity and temperature. In the women, the The results shown in Table 3 are those where correlations were also consistently negative, but they Table 3 Correlations of variables in (a) industrial groups, and (b) volunteers, with temperature, where a consistent pattern emerged within any of the age-sex groupings of (a) haemostatic tests, and there is no evidence that the factor VII and antithrombin III associations were in Discussion fact due to influences of temperature on the assay techniques used. In the case of fibrinolytic activity, The main purpose of this report is to describe any the test tube containing blood and reagents is kept associations between ambient temperature and a in an insulated box containing ice until it is put into range of chemical, haematological, and haemostatic a water bath at 370C so that here also there is no variables. Significant associations might provide a reason to believe that the observed association is due lead to possible ways in which temperature changes to a temperature effect on the technique used. There could result in alterations in death rates.
Results

CLINICAL CHEMISTRY RESULTS
is also no reason to suppose that laboratory temNeither the routine clinical chemistry nor the perature influences cholesterol determinations. routine haematology data showed any consistent A second possibility is that the observed associaassociations of any of the variables studied with tions are actually due to a seasonal rather than a ambient temperature, and it was only some of the temperature effect. Further analyses were therefore haemostatic variables and blood cholesterol levels performed on the haemostatic variables, taking in the industrial and volunteer populations which season, as well as temperature, into account. showed such a relationship. The haemostatic vari-Perhaps partly because of the considerable variaables were factor VII, antithrombin III, and fibrino-bility in tests of haemostatic function (Meade et al., lytic activity (see Table 3 ).
1977) no very clear picture emerged, although in the In seeking possible explanations for an association case of factor VII there was some evidence of a between the levels of variables and temperature, it is seasonal as well as a temperature effect, levels tendfirst necessary to consider whether there may be ing to be higher in the summer than in the winter. No great weight can be placed on the fact that there is substantial agreement between the values for the correlation coefficients on the day of sampling and on previous days because of the high degree of serial correlation of temperature. However, the data are presented because in earlier studies the introduction of a 'phase shift' between deaths and temperatures proved unexpectedly sensitive (Bull and Morton, 1975b) .
The significant positive correlation between cholesterol levels and temperature seen in young men in the industrial group was not seen in the clinical chemistry data. However, changes in cholesterol levels are unlikely to be important in the short term in precipitating events which might lead to myocardial or cerebral infarction, or indeed death from other causes, although they may be important in the long term by affecting the degree of atheroma.
The biological interpretation to be placed on the findings for the haemostatic variables, if these are real and not artefactual, is unclear and, at this stage, entirely speculative.
The most interesting results relate to antithrombin III and fibrinolytic activity. The former is positively correlated with temperature in all groups of subjects (see Table 3 ) and significantly so in the older men, younger women, and both male and female volunteers. This relationship is such as would tend to prevent thrombosis at higher temperatures and is consistent with the negative relationship between temperature and death rates from myocardial infarction and strokes.
The finding of an inverse association between temperature and fibrinolytic activity, that is, better fibrinolytic activity at lower temperatures, seems paradoxical. However, there are indications (Meade et al., 1977) that, in some circumstances favouring thrombogenesis (for example, use of oral contraceptives), fibrinolytic activity actually increases, perhaps as a protective mechanism. Thus it might be that a rise in fibrinolytic activity in cold weather counters other changes which make a thrombotic event more likely. Bedrak et al. (1964) found an increase in fibrinolytic activity in young men exposed to environmental heat stress, but the temperatures involved were higher than the range considered here. Possibly stress of both heat and cold, if sufficiently extreme, increases fibrinolytic activity.
While consistent and statistically significant, the correlations described are all low. Particular caution is needed in interpreting results based on large numbers, when even a low correlation may nevertheless be highly significant. This caveat applies to the industrial groups and especially to the groups under 55 years of age. The numbers of volunteers are much smaller. It is likely that the actual correlations rather underestimate the true strength of the associations, but in spite of this and other difficulties of interpretation, it is possible that the observed correlations offer some clues to the mechanisms whereby air temperature influenc,es ischaemic heart and cerebrovascular disease mortality.
